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1

MOBILE COMMUNICATION SYSTEM WITH
DOWN-LINK FRAME NUMBERING

TECHNICAL FIELD

This invention relates to a mobile -communication system
which allows hand-over including a function by which a set
of links including an up-link (Up-link) and a down-link
(Down-link) having different communication capacities can
be used as one communication channel (hereinafter referred
to as an asymmetrical communication channel) using fre-
quency channel sharing or time slot sharing in which a
multiple connection system such as a TDMA (TDMA; Time
divided Multiple Access; time divided multiple access)
system or a time divided CDMA (CDMA; Code Division
Multiple Access; code division multiple access) system 1is
used.

BACKGROUND ART

A mobile communication system 1s principally composed
of mobile stations such as, for example, mobile car-carried
communication apparatus or mobile portable communica-
fion apparatus, and radio base stations which communicate
with the mobile stations by radio channels. In such a mobile
communication system as just described, sharing of the
same radio frequency spectrum by different radio systems
hereinafter referred to as frequency channel sharing) is
sometimes effected between an FDMA (FDMA; Frequency
Division Multiple Access; frequency division multiple
access) system or a TDMA system and a CDMA system. It
1s to be noted that, in the CDMA system, frequency channel
sharing between different codes has already been put into
practical use. Further, hand-over 1n those systems 1s known
already.

Here, a mobile communication system of time slot shar-
ing wherein a TDMA signal and a time divided CDMA
signal are shared 1mn a same time slot 1s disclosed in the
official gazette of Japanese Patent Laid-Open Application
No. He1 8-130766 already filed for patent separately and so
forth. However, those documents do not describe an asym-
metrical communication channel between up- and down-
links or hand-over 1 high speed data transmission.

Meanwhile, a technique of a mobile communication sys-
tem of fime slot sharing and frequency channel sharing
wherein a TDMA signal and a time divided CDMA signal
are used 1n a same time slot and synchronization between
radio base stations 1 which a semi-fixed communication
apparatus (hereinafter referred to as WLL station) by a
wireless local loop (Wireless Local Loop; hereinafter
referred to as WLL) and so forth have already been filed for
patent by Japanese Patent Application No. He1 9-188356 and
so forth. However, those documents do not recite an asym-
metrical communication channel wherein an up-link and a
down-link have different communication capacities or hand-
over 1n high speed data transmission.

Furthermore, also a technique of a mobile communication
system suitable for a multi-media radio environment having
an asymmetrical communication channel 1s filed for patent
secparately by Japanese Patent Application No. Hei
9-164817. However, 1n the document, hand-over in high
speed data transmission 1s not taken i1nto consideration.

Meanwhile, as a mobile communication system wherein
a plurality of CDMA signals are shared, U.S. Pat. No.
5,363,403 1s known. However, the specification of the patent
does not recite a method of handling a time divided CDMA
signal. While also U.S. Pat. No. 5,511,068 1s known as
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2

another mobile communication system, the document relates
to an adaptive filter for a time divided CDMA signal system,

and the specification of 1t recites neither that frequency
channel sharing of a CDMA signal and a TDMA signal 1s

performed 1n one time slot nor hand-over 1n high speed data
transmission.

Further, as a document which handles hand-over, Inter-
national Publication No. W096/06512 1s known. However,

the invention of the document handles hand-over in a
cellular (Cellular) communication system, and does not
recite a case wherein time slot sharing of a time divided
CDMA signal and a TDMA signal 1s performed in one time
slot or a mobile communication system which has an
asymmetrical communication channel.

Furthermore, as a document which relates to a commu-
nication system wherein a TDMA technique 1s applied to a
CDMA communication system, also U.S. Pat. No. 5,410,568
1s known. This patent places a synchronization code
(Synchronization-code) at the top of a frame of CDMA
communication, that 1s, at the top of a burst, but does not
introduce a time divided CDMA system using a TDMA
control channel 1n order to effect frame synchronization
setting, nor recites coexistence with a TDMA system. In
other words, the patent does not mtend sharing between a
TDMA system and a time divided CDMA system using a
TDMA frame. Further, 1n this patent, no attention 1s paid at
all to a communication channel wherein the communication
capacities of an up-link and a down-link are asymmetrical,
and hand-over 1n high speed data transmaission 1s not recited
cither.

It 1s to be noted that, in addition to the documents
mentioned above, the official gazette of Japanese Patent
[Laid-Open Application No. He1 6-22364, the otficial gazette
of Japanese Patent Laid-Open Application No. Hei
7-322332, the official gazette of Japanese Patent Laid-Open
Application No. He1 8-154269, the official gazette of Japa-

nese Patent Laid-Open Application No. He1 8-280056 and so
forth are known.

However, while the official gazette of Japanese Patent
[aid-Open Application No. He1 6-22364 mentioned above
discloses a technmique of hand-over for a TDMA cellular
system, 1t 1s quite silent about an asymmetrical channel
wherein an up-link and a down-link have different transmis-
sion capacities or a matter regarding hand-over 1n high speed
data transmission.

In the meantime, while the official gazette of Japanese
Patent Laid-Open Application No. He1 7-322332 discloses a
technique regarding reception of other base station signals in
a silence period 1n a cellular system of the FDMA system,
the TDMA system or the CDMA system or hand-over based
on such reception, 1t does not recite an asymmetric channel
wherein an up-link and a down-link have different transmis-
sion capacities or hand-over in high speed data transmaission.

On the other hand, while the official gazette of Japanese
Patent Laid-Open Application No. He1 8-154269 discloses a
technique wherein, iIn a mobile communication system,
strengths of radio signals from radio base stations are
measured and order numbers are applied to the radio signals
in the descending order of the radio signal strengths and then
the order 1s correlated with the order of hand-over and a
candidate for hand-over 1s selected based on the correlation,
it does not recite a communication system of an asymmetric
channel wherein an up-link and a down-link have different
fransmission capacities or hand-over in high speed data
fransmission.

Further, while the official gazette of Japanese Patent
Laid-Open Application No. He1 8-280056 discloses a tech-
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nique wherein, 1n a cellular system of the TDMA system or
the CDMA system, a data buffer 1s provided 1n a radio base
station and synchronism 1s established between the radio
base station and an adjacent base station to realize instan-
taneous disconnection-free hand-over, 1t does not recite
mobile communication having an asymmetric channel
wherein an up-link and a down-link have different transmis-
sion capacities or hand-over 1n high speed data transmission.

Such various mobile communication systems which
include one or more radio base stations which communicate
with a plurality of mobile stations by radio channels and use
the TDMA system and the time divided CDMA system as
described above are conventionally known. Also in such
mobile communication systems as described above, the
demand for mtroduction of high speed data transmission 1s
increasing. However, a mobile communication system
which can sufficiently meet the demand has not been real-
1zed as yet.

Also 1t 1s demanded to mtroduce a communication chan-
nel wherein an up-link and a down-link have different
communication capacities 1n order to make a mobile com-
munication system cope with multi-media.

Furthermore, also 1 such a mobile communication sys-
tem as described above, it 1s necessary to introduce hand-
over means for allowing smooth hand-over in high speed
data transmission.

The present 1nvention has been made to solve such
problems as described above. It 1s an object of the present
invention to introduce high speed data channels into a
TDMA signal and time divided CDMA signal coexisting
mobile communication system and to realize a mobile
communication system of the type wherein communication
links wherein an up-link and a down-link have different
communication capacities are allocated as a set of commu-
nication channels, which allows hand-over and copes with
multi-media.

DISCLOSURE OF THE INVENTION

A mobile communication system according to the present
invention 1s constructed such that it includes a mobile
switching center which has TDMA signals and time slot
sharing and frequency channel sharing time divided CDMA
signals and has a controlling function of allocating the
signals on a time base and a frequency base, and mobile
stations and a radio base station or stations connected to the
mobile switching center are radio connected to each other by

a multiple connection system such that information of time
slots 1n frames of down-links transmitted from two adjacent
ones of the radio base stations to one of the mobile stations
has serial numbers provided by the mobile switching center
to which the radio base stations are connected. By this
construction, hand-over between radio base stations can be
realized by a unified process based on the serial numbers.

A mobile communication system according to the present
mnvention 1s constructed such that each of the mobile stations
has a function of detecting serial numbers included in
information of time slots 1n frames of two down-links
transmitted thereto from two radio base stations.

A mobile communication system according to the present
invention 1s constructed such that the mobile switching
center has a function of repetitively setting serial numbers
included 1n 1information of time slots 1n a frame of a signal
transmitted from the mobile switching center to a radio base
station for each multi-frame number of a radio channel or for
cach integral number of times the multi-frame number.

A mobile communication system according to the present
invention 1s constructed such that each of the mobile stations
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has a function of receiving, detecting and comparing serial
numbers 1ncluded in information of time slots 1n a frame of
a signal being transmitted from the radio base station
(switching source base station) with which the mobile
station 1s communicating and serial numbers included in
information of time slots 1 a frame of a signal being
transmitted from the radio base station (switching destina-
tion base station) to which the communication is to be
re-connected as a result of a movement of the mobile station,
producing a repetition code based on difference information
between the two serial numbers and transmitting the repeti-
tion code to the mobile switching center via the switching
source base station.

A mobile communication system according to the present
invention 1s constructed such that the repetition code 1s a
negative number when the signal transmitted from the
switching destination base station arrives later than the
signal transmitted from the switching source base station,
but the repetition code 1s a positive number when the signal
transmitted from the switching destination base station
arrives earlier than the signal transmitted from the switching
source base station.

A mobile communication system according to the present
invention 1s constructed such that each of the mobile stations
has a function of receiving, detecting and comparing, upon
hand-over, serial numbers included 1n information of time
slots 1n a frame of a signal being transmitted from the
switching source base station and serial numbers included in
information of time slots 1 a frame of a signal being
transmitted from the switching destination base station, and
abandoning, when the signal transmitted from the switching
destination base station arrives later than the signal trans-
mitted from the switching source base station, information
in a number of time slots of a signal received newly from the
switching destination base station upon hand-over equal to
a number indicated by contents of a repetition code based on
difference information between the two serial numbers. By
this construction, adjustment of an information delay when
the signal of the switching destination base station arrives
later than the signal of the switching source base station 1s
performed by the mobile station, and discontinuity of infor-
mation which occurs upon hand-over can be eliminated
readily.

A mobile communication system according to the present
invention 1s constructed such that an switching center of the
ATM type 1s used for the mobile switching center, and the
mobile switching center has a function of realizing number-
ing of serial numbers mncluded 1n information of time slots
in a frame by newly adding a header to the top of an ATM
packet.

A mobile communication system according to the present
invention 1s constructed such that the mobile switching
center has a function of constructing, when the number of
information bits which can be transmitted by one time slot
of a radio channel 1s smaller than the number of information
bits for one packet of public network packets transmitted by
a public network, packets each having information obtained
by dividing information of the public network packets for
cach time slot information bit of the radio channel and
transmitting the packets to a radio base station.

A mobile communication system according to the present
invention 1s constructed such that the mobile switching
center has a packet information amount variation function of
transmitting, when the number of information bits which can
be transmitted by one time slot of a radio channel 1s larger
than the number of information bits for one packet of public
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network packets, information of the public network packets
as 1t 1s to a radio base station without dividing the informa-
tion of the public network packets.

A mobile communication system according to the present
invention 1s constructed such that an switching center inter-
face of each of the radio base stations i1s of the ATM type.

A mobile communication system according to the present
invention 1s constructed such that each of the mobile stations
has a function of receiving, detecting and comparing, upon
hand-over, serial numbers included 1n information of time
slots 1n a frame of a signal being transmitted from a
switching source base station and serial numbers included 1n
information of time slots 1 a frame of a signal being
transmitted from a switching destination base station and
producing a repetition code based on difference mnformation
between the two serial numbers, and each of the radio base
stations has a function of holding, when the radio base
station becomes the mobile destination base station, 1f the
signal transmitted arrives earlier than the signal transmitted
from the switching source base station, information 1n a
number of time slots of the signal transmitted to the mobile
station already equal to a number indicated by contents of
the repetition code 1n response to an instruction of the
repetition code upon hand-over, and successively
transmitting, simultaneously with hand-over, signals to the
mobile station beginning with the held information of the
fime slots. By this construction, when the signal of the
switching destination base station arrives carlier than the
signal from the switching source base station, the switching
destination base station re-sends information of the last time
slot of the preceding frame by a number indicated by
contents of the repetition code to make the delays of
information from the radio base stations at the mobile station
equal to each other, and consequently, discontinuity of
information which arises upon hand-over can be eliminated
readily.

A mobile communication system according to the present
invention 1s constructed such that it includes a mobile
switching center which has TDMA signals and time slot
sharing and frequency channel sharing time divided CDMA
signals and has a controlling function of allocating the
signals on a time base and a frequency base, and mobile
stations and a radio base station or stations connected to the
mobile switching center are radio connected to each other by
a multiple connection system while the mobile stations
having a high speed data transmission function can be radio
connected to the radio base stations also by high speed data
channels such that information of time slots of the high
speed data transmission channels being transmitted 1n each
fime slot 1n frames of two down-links transmitted from two
adjacent ones of the radio base stations to one of the mobile
stations has serial numbers provided by the mobile switch-
ing center to which the radio base stations are connected. By
this construction, hand-over between radio base stations
upon high speed data transmission can be realized by a
unified process based on the serial numbers.

A mobile communication system according to the present
invention 1s constructed such that each of the mobile stations
has a function of detecting serial numbers included in
information of micro slots of high speed data transmission
channels transmitted in each time slot in frames of two
down-links transmitted thereto from two radio base stations.

A mobile communication system according to the present
invention 1s constructed such that the mobile switching
center has a function of repetitively setting serial numbers
included 1n 1nformation of micro slots of high speed data
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transmission channels transmitted 1n each time slot 1n a
frame of a signal transmitted from the mobile switching
center to a radio base station for each multi-frame number of
a radio channel or for each integral number of times the
multi-frame number.

A mobile communication system according to the present
invention 1s constructed such that each of the mobile stations
has a function of receiving, detecting and comparing serial
numbers 1ncluded 1n information included 1n a number of
micro slots of a high speed data transmission channel
fransmitted 1n each time slot in a frame of a signal being
transmitted from a switching source base station and serial
numbers included 1n mformation included in a number of
micro slots of a high speed data transmission channel
transmitted 1n each time slot in a frame of a signal being
transmitted from a switching destination base station, pro-
ducing a repetition code based on difference information
between the two serial numbers and transmitting the repeti-
tion code to the mobile switching center via the switching
source base station.

A mobile communication system according to the present
invention 1s constructed such that each of the mobile stations
has a function of receiving, detecting and comparing, upon
hand-over, serial numbers included 1n 1nformation of micro
slots of a high speed data transmission channel transmitted
in cach time slot in a frame of a signal being transmaitted
from a switching source base station and serial numbers
included 1n mmformation of micro slots of a high speed data
transmission channel transmitted 1n time slots 1 a frame of
a signal being transmitted from a switching destination base
station and abandoning, when the signal transmitted from
the switching destination base station arrives later than the
signal transmitted from the switching source base station,
information of a number of micro slots of a signal received
newly from the switching destination base station upon
hand-over equal to a number indicated by contents of a
repetition code based on difference information between the
two serial numbers. By this construction, adjustment of an
information delay when the signal of the switching destina-
tion base station upon high speed data transmission arrives
later than the signal of the switching source base station 1s
performed by the mobile station, and continuity of informa-
tion which arises upon hand-over in high speed data trans-
mission can be eliminated readily.

A mobile communication system according to the present
invention 1s constructed such that each of the mobile stations
has a function of receiving, detecting and comparing, upon
hand-over, serial numbers included 1n 1nformation of micro
slots- of a high speed data transmission channel transmitted
in ecach time slot in a frame of a signal being transmaitted
from a switching source base station and serial numbers
included 1n mmformation of micro slots of a high speed data
transmission channel transmitted in each time slot in a frame
of a signal being transmitted from a switching destination
base station and producing a repetition code based on
difference information between the two serial numbers, and
cach of the radio base stations has a function of holding,
when the radio base station becomes the mobile destination
base station upon hand-over of the mobile station, 1f the
signal transmitted therefrom arrives earlier than the signal
transmitted from the switching source base station, infor-
mation of a number of micro slots of the signal transmitted
to the mobile station already equal to a number indicated by
contents of the repetition code 1n response to an 1nstruction
of the repetition code upon hand-over, and successively
transmitting, simultaneously with hand-over, signals to the
mobile station beginning with the held mmformation of the
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micro slots. By this construction, when the signal of the
switching destination base station upon high speed data
fransmission arrives earlier than the signal from the switch-
ing source base station, the switching destination base
station re-sends mnformation of the last micro slots of the
preceding frame by a number indicated by contents of the
repetition code to make the delays of information from the
radio base stations at the mobile station equal to each other,
and consequently, discontinuity of information which arises
upon hand-over in high speed data transmission can be
climinated readily.

A mobile communication system according to the present
invention 1s constructed such that the mobile switching
center has a function of transmitting a repetition code from
a mobile station received via the switching source base
station to the switching destination base station simulta-
neously with determination of hand-over.

A mobile communication system according to the present
invention 1s constructed such that 1t includes a mobile
switching center which has TDMA signals and time slot
sharing and frequency channel sharing time divided CDMA
signals and has a controlling function of allocating the
signals on a time base and a frequency base, and mobile
stations and a radio base station or stations connected to the
mobile switching center are radio connected to each other by
a multiple connection system while each of the radio base
stations has a function of applymng, when the radio base
station 1s to transfer information included 1n a time slot
received from one of the mobile stations to the mobile
switching center, a serial number associated with a multi-
frame of a radio channel to the information from the mobile
station. By this construction, the mobile switching center
can discriminate the order of information transmitted by the
mobile station, and 1t can be eliminated that, upon hand-
over, the order of information to be transmitted from the
mobile switching center to a public network 1s mistaken.

A mobile communication system according to the present
invention 1s constructed such that the mobile switching
center has a function of detecting serial numbers included in
information of a time slot transferred from a radio base
station thereto and associated with a multi-frame of a radio
channel.

A mobile communication system according to the present
invention 1s constructed such that each of the radio base
stations has a function of setting serial numbers included 1n
information of a time slot transferred from a radio base
station thereto and associated with a multi-frame of a radio
channel repetitively for each multi-frame number of the
radio channel or for each integral number of times the
multi-frame number.

A mobile communication system according to the present
invention 1s constructed such that each of the radio base
stations has a function of adding serial numbers 1ncluded 1n
information of a time slot transferred to the mobile switch-
ing center and associated with a multi-frame of a radio
channel as a header to the top of an information packet to be
transferred to the mobile switching center.

A mobile communication system according to the present
invention 1s constructed such that the mobile switching
center has a function of checking, upon hand-over, serial
numbers 1ncluded 1n headers of mformation packets trans-
ferred thereto from two radio base stations and transferring
the information packets in order to a public network so that
the serial numbers may be arranged 1n a correct order.

A mobile communication system according to the present
invention 1s constructed such that a mobile station employed
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therein 1ncludes storage means for storing information
included 1n a time slot recerved from a radio base station or
imnformation i1ncluded 1n micro slots 1n the time slot, and
control means for controlling, upon -hand-over, the storage
means to abandon information stored therein by a number
designated by contents of a repetition code. By this
construction, when hand-over 1s to be performed, since it 1s
only required to set the storage means and the control means
for controlling the storage means with contents of the
repetition code, hand-over control when a signal of a switch-
Ing source base station arrives later than a signal of a
switching destination base station can be performed readily
in the mobile station.

A mobile communication system according to the present
invention 1s constructed such that a radio base station
employed therein includes storage means for storing infor-
mation included in a time slot transmitted therefrom 1mme-
diately prior to hand-over or information mncluded in micro
slots 1n the time slot, and control means for controlling the
storage means to store mnformation transmitted immediately
prior to the hand-over by a number designated by contents
of a repetition code and re-send the information stored in the
storage means upon the hand-over. By this construction, also
when the information of the switching destination base
station arrives earlier than the mmformation of the switching
source base station, 1t can be prevented that, upon hand-over,
a mobile station receives continuous information while the
information partially drops.

A mobile communication system according to the present
invention 1s constructed such that it includes a mobile
switching center which has TDMA signals and time slot
sharing and frequency channel sharing time divided CDMA
signals and has a controlling function of allocating the
signals on a time base and a frequency base, and mobile
stations and a radio base station or stations connected to the
mobile switching center are radio connected to each other by
a multiple connection system while the mobile switching
centers are directly connected to each other by an additional
communication line without having the public network
interposed therein. By this construction, by performing
setting of a header which passes through the additional
communication line which directly connects the mobile
switching centers to each other and the mobile switching
centers, occurrence of hand-over can be made 1ndependent
of the public network.

A mobile communication system according to the present
mvention 1s constructed such that, when hand-over between
a switching source base station and a switching destination
base station connected to mobile switching centers different
from each other 1s performed, information from the switch-
ing destination base station which 1s communicating with a
mobile station after the hand-over 1s performed 1s transmut-
ted from the mobile switching center to which the switching
destination base station 1s connected to the public network
via the additional communication line and the mobile
switching center to which the switching source base station
1s connected.

A mobile communication system according to the present
invention 1s constructed such that, after the communication
of the mformation from the switching destination base
station which 1s transmitted from the mobile switching
center to which the switching destination base station 1is
connected to the public network via the additional commu-
nication line and the mobile switching center to which the
switching source base station i1s connected comes to an end
once, when the communication 1s to be resumed, the infor-
mation from the mobile station 1s directly transmitted from
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the switching destination base station to the public network
via the mobile switching center to which the switching
destination base station 1s connected.

A mobile communication system according to the present
invention 1s constructed such that a plurality of mobile
switching centers connected by the additional communica-
tion line belong to different operators from each other. Also
hand-over between radio base stations connected to mobile
switching centers which belong to different operators from
cach other 1n this manner can be treated similarly to hand-
over between radio base stations which belong to a same
operator.

A mobile communication system according to the present
invention 1s constructed such that an switching center of the
ATM type 1s used for the plurality of mobile switching
centers connected to each other by the additional commu-
nication line.

A mobile communication system according to the present
invention 1s constructed such that the additional communi-
cation line by which the plurality of mobile switching
centers are connected to each other 1s of the ATM type.

A mobile communication system according to the present
mvention 1s constructed such that, when a mobile station 1s
still busy after handed over between a plurality of radio base
stations which belong to a plurality of mobile switching
centers, nformation -from a switching destination base
station which 1s communicating with the mobile station at
present 1s transmitted from the mobile switching center to
which a switching source base station 1s connected to the
public network via the plurality of mobile switching centers
and a plurality of additional communication lines by which
the plurality of mobile switching centers are connected to
cach other passing the mobile switching center to which the
switching destination base station.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a system diagram showing an entire construction
diagram of a mobile communication system according to
Embodiment 1 of the present invention;

FIG. 2 1s a diagrammatic view illustrating a time slot
construction for a personal communication system (Personal
Communication System; hereinafter referred to as PCS) by
fime divided CDMA and cellular in Embodiment 1 men-
tioned above;

FIG. 3 1s a diagrammatic view 1llustrating an example of
unevenness 1n delay time 1 Embodiment 1 mentioned
above;

FIG. 4 1s a diagrammatic view 1llustrating an example of
an Information transmission time difference which relies
upon a transmission route difference between adjacent radio
base stations upon hand-over in Embodiment 1 mentioned
above;

FIG. § 1s a block diagram showing a construction of a
mobile switching center having a function of providing
serial numbers for each frame 1n Embodiment 1 mentioned
above;

FIG. 6 1s a diagrammatic view 1llustrating a correspon-
dence between a structure of a public network packet and a
structure of a radio channel 1n Embodiment 1 mentioned
above;

FIG. 7 1s a diagrammatic view 1llustrating an example of
an 1nformation transmission time difference which relies
upon a transmission route difference between adjacent radio
base stations upon hand-over in Embodiment 2 of the
present mvention;
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FIG. 8 1s a time chart 1llustrating a process of hand-over
in Embodiment 2 mentioned above;

FIG. 9 1s a diagrammatic view 1llustrating an example of
a time slot structure 1n a frame of TDMA high speed data
communication by Embodiment 3 of the present invention;

FIG. 10 1s a diagrammatic view 1llustrating a micro slot
structure upon hand-over of a high speed TDMA data
channel when information of a switching destination base
station arrives later than information of a switching source
base station 1n Embodiment 3 mentioned above;

FIG. 11 1s a diagrammatic view 1llustrating an example of
a micro slot structure upon hand-over by Embodiment 4 of
the present invention;

FIG. 12 1s a diagrammatic view 1illustrating a structure of
an ATM packet and radio channel information by Embodi-

ment 5 of the present invention;

FIG. 13 1s a block diagram showing a construction of a
mobile station by Embodiment 6 of the present invention;

FIG. 14 1s a block diagram showing a construction of a
radio base station by Embodiment 7 of the present invention;

FIG. 15 1s a block diagram showing an internal construc-
tion of a signal processing section in Embodiment 7 men-
tioned above; and

FIG. 16 1s a system diagram showing an entire construc-
tion diagram of a mobile communication system according
to Embodiment 8 of the present invention.

BEST MODES FOR CARRYING OUT THE
INVENTION

In the following, 1n order to describe the present invention
in more detail, best modes for carrying out the present
invention are described with reference to the accompanying
drawings.

Embodiment 1

FIG. 1 1s a system diagram showing an entire construction
diagram of a mobile communication system to which a time
slot sharing and frequency channel sharing system according
to the present invention 1s applied and shows an embodiment
wherein information from a radio base station (hereinafter
referred to as switching destination base station) which is a
destination of hand-over of a mobile station arrives later
than information from another radio base station (hereinafter
referred to as switching source radio base station) with
which the mobile station 1s communicating first.

Referring to FIG. 1, reference numeral 1 denotes a public
service telephone network (PSTN), 2 a data base accommo-
dated 1 the public network 1, and reference numerals 3, 4
and 5 denote switching centers which belong to the public
network 1. Reference numerals 6, 7 and 8 denote each a
mobile switching center (MSC), which has TDMA signals
and time slot sharing and frequency channel sharing
(including a case wherein a frequency is not shared) time
divided CDMA signals and has a control function of allo-
cating those signals on a time base and a frequency base. The
mobile switching center 6 1s wire connected to the switching
center 3 of the public network 1, the mobile switching center
7 to the switching center 4, and the mobile switching center
8 to the switching center 3.

Reference numerals 11, 13, 21 and 31 denote each a radio
base station (BS), and the radio base stations 11 and 13 are
connected to the mobile switching center 6, the radio base
station 21 to the mobile switching center 7, and the radio
base station 31 to the mobile switching center 8 such that
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they are controlled by the respective mobile switching
centers (MSC). Reference numerals 12, 14, 22 and 32 denote
radio covering areas (hereinafter referred to as cells) formed
by the radio base stations 11, 13, 21 and 31, respectively. The
cell 12 1s formed by the radio base station 11, the cell 14 by
the radio base station 13, the cell 22 by the radio base station
21, and the cell 32 by the radio base station 31.

Reference numerals 15, 16, 17, 18, 24 and 33 denote
ordinary mobile stations (MS) which communicate with the
radio base stations 11, 13, 21 and 31 which form the cells 12,
14, 22 and 32 in which the mobile stations 15,16, 17, 18, 24

and 33 are present and may each be a mobile communication
apparatus of the conventional type which principally per-
forms speech communication such as a mobile car-carried
communication apparatus or a mobile portable communica-
fion apparatus, a mobile communication apparatus for multi-
media which principally performs data communication or a
like apparatus. Reference numeral 23 denotes a semi-fixed
WLL station (WS) which communicates with the radio base
station 21 by a radio channel. Those ordinary mobile stations
(MS) and WLL station (WS) communicate with the radio
base stations (BS) by medium/high speed TDMA channels
and have a function of performing speech or low speed data
communication by time divided CDMA channels and low
speed TDMA data channels in addition to the medium/high
speced TDMA channels. Those ordinary mobile stations
(MS) and WLL station (WS) are hereinafter referred to

ogenerally as mobile stations.

Here, the mobile stations including the ordinary mobile
stations 15 to 33, WLL station 23 and so forth and the radio
base stations 11 to 31 communicate signals by communica-
tion channels modulated by a digital modulation system and
are radio connected to each other by an FDMA/TDD (TDD;
Time Division Duplex; time division duplex
communication) system or a CDMA/TDD system or by a
multi-carrier TDMA/FDD (FDD; Frequency Division
Duplex; frequency division duplex communication) system,
a TDMA/TDD system, a time divided CDMA/FDD system,
a time divided CDMA/TDD system and so forth.

FIG. 2 1s a diagrammatic view illustrating a time slot
construction for a PCS by time divided CDMA and cellular,
and shows an example wherein a down-link T7 1s added to
a mobile communication system wherein the transmission
capacities of an up-link and a down-link in high speed
TDMA data transmission or the like are asymmetrical.

Referring to FIG. 2, reference symbols #41-T0/R0O to
#41-T2/R2 and #41-T3 denote time slots for a PCS, and
#47-T1/R1 to #47-T2/R2 denote time slots for a cellular.
Meanwhile, reference symbol #44-T0/R0 denotes a time slot
for TDMA medium speed data communication, reference
symbols #51-TO/RO to #51-T2/R2, #51-T3 and #51-T7A
denote time slots for TDMA high speed data
communication, and reference symbol #52-T7C denotes a
fime slot for time divided CDMA high speed data commu-
nication. It 1s to be noted that the other time slots #42-T0/R0
to #42-T2/R2 and #42-T3, #43-T1/R1 and #43-T2/R, #43-
T1 and #43-T2, #45-T0/R0, #45-R1 to #45-R2, and #45-T3
for low speed TDMA to which the mark * 1s added 1llustrate
examples wherein they are used as speech data or low speed
data or else control channels.

It 1s to be noted that, 1n the example shown 1n FIG. 2, the
five time slots TO to T3 and T7 are allocated to down-links

from the radio base stations 11 to 31 to the mobile stations
15 to 33 while the three time slots RO to R2 are allocated to
up-links from the mobile stations 15 to 33 to the radio base
stations 11 to 31. In this manner, an asymmetric TDD system

10

15

20

25

30

35

40

45

50

55

60

65

12

wherein an up-link and a down-link have different commu-
nication capacities 1s formed.

Further, in FIG. 2, reference numeral 53 denotes one
frame length, and reference numerals 54 and 55 denote each
one half frame length. Reference numeral 56 denotes a down
time slot length from the radio base stations 11 to 31 to the
mobile stations 15 to 33 1in high speed data communication,
and 57 denotes an up-link slot length from the mobile
stations 15 to 33 to the radio base stations 11 to 31 1n high
speed data communication. Reference numerals 538 and 59
denote each a line 1n a frame time-frequency base which
makes a boundary between down-links from the radio base
stations 11 to 31 to the mobile stations 15 to 33 and up-links
from the mobile stations 15 to 33 to the radio base stations

11 to 31.

FIG. 3 1s a diagrammatic view 1llustrating an example of
unevenness 1n delay time according to an example of wire
lines from the data base 2 to the radio base stations 11 to 31
and an arrangement of the switching centers 3 to § of the
public network 1 and illustrates an example wherein, as a
same signal transmitted from the one data base 2 passes
different routes from each other, the delay times until the
signal arrives at a radio base station are different. In
particular, as shown 1n FIG. 3, since the number of times by
which a signal 63 passes an switching center (SC) in the
public network 1 1s smaller by one comparing with those of
the other signals 61 and 62, 1t 1s considered that the arriving
time of the signal exhibits a difference. Accordingly, also in
a communication system wherein frame synchronism 1s
established between radio base stations (BS), in order for a
mobile station to be handed over between radio base stations
(BS), a function of confirming what degree the difference in
signal arriving time between the radio base stations (BS) is
required.

In the following, this function 1s described.

It 1s to be noted that a system which performs, in a mobile
communication system which uses such a TDMA system
and time divided CDMA system and so forth as described
above, measurement of a synchronization time difference 1n
frame synchronization between base stations in units of a
time divided CDMA chip rate has been filed for patent by
Japanese Patent Application No. Her 9-191090. In this
system, a time difference other than a fixed time difference
between the top time position of a time divided CDMA burst
signal received from a radio base station by a mobile station
and the top time position of a time divided CDMA burst
signal transmitted 1n accordance with an instruction of the
radio base station so that the top may arrive at the radio base
station at the top time position of a time slot 1s calculated 1n
units a chip rate which 1s used i1n time divided CDMA
communication to measure a synchronization time displace-
ment.

FIG. 4 1s a diagrammatic view 1llustrating an example of
an 1nformation transmission time difference which relies
upon a transmission route difference between adjacent radio
base stations upon hand-over. Referring to FIG. 4, reference
numeral 71 denotes a corresponding frame of a radio wave
of a switching source base station, and 72 a corresponding
frame of a radio wave of a switching destination base
station, and for each frame, serial numbers of 81, 82, 83,
84, . .. arc applied by a mobile switching center. Reference
numeral 73 denotes a corresponding frame of a received
radio wave of the mobile station upon hand-over, and 74
denotes a repetition code application period 1in which a
repetition code (Repetition Code) which is number differ-
ence mnformation between the serial numbers of the corre-
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sponding frame 71 of a radio wave of the switching source
base station and the serial numbers of the corresponding
frame 72 of a radio wave of the switching destination base
station.

FIG. § 1s a block diagram showing a construction of a
mobile switching center having a function of applying the
serial numbers described above for each frame. Referring to
FIG. §, reference numeral 6 denotes a mobile switching

center (MSC1) which 1s shown in FIG. 1 with the same
reference numeral applied thereto, reference numerals 11
and 13 denotes radio base centers (BS11 and BS13) con-
nected to the mobile switching center 6, reference numeral
1 denotes a public network (PSTN) in which the mobile
switching center 6 1s accommodated, and 2 a data base
connected to the public network 1.

Further, in the mobile switching center 6, reference
numeral 91 denotes a PSTN interface which performs trans-
mission and reception of mmformation to and from the public
network 1 and transmission and reception of signaling
signals such as a dial signal, charging information, password
information and so forth, and 92 a channel exchanging
section which transmits information from the public network
1 to the radio base station 11 or 13 which forms a cell 1n
which a mobile station of a destination 1s present and
fransmits information transmitted thereto from a mobile
station via the radio base station 11 or 13 to the public
network 1. Reference numeral 93 denotes a system setting
processor which selects a radio system by which the radio
base station 11 or 13 and a mobile station are to be connected
to each other and 1nstructs so that the selected radio system
may be set to the radio base station 11 or 13 and the mobile
station, and 94 a signaling processor which processes a
number of a mobile station to be connected, a password
procedure for charging and so forth. Reference numeral 95
denotes a base station interface which communicates 1nfor-
mation to be transmitted to a mobile station via the radio
base station 11 or 13, signaling information with a mobile

station, system 1nformation which defines radio connection
and so forth with the radio base station 11 or 13.

Reference numeral 96 denotes a data number manage-
ment processor which performs, simultaneously with start-
ing of a hand-over process, allocation of serial numbers 1n
units of a frame or 1n units of a packet to information of radio
waves transmitted from the two radio base stations 11 and
13, and this numbering function by the data number man-
agement processor 96 1s a new function of this mobile
switching center which takes hand-over into consideration.
Reference numeral 97 denotes a high speed data memory
apparatus which temporarily stores, when a mobile station 1s
to be connected to the data base 2, high speed data com-
municated between the mobile station and the data base 2.
Reference numeral 98 denotes a mobile station mnformation
memory 1n which mobile station information of mobile
stations which are managed by the mobile switching center
6, that 1s, mobile stations which belong to the mobile
switching center 6 or mobile stations which currently stay in
cells of radio base stations managed by the mobile switching
center 6 and are connected to those radio base stations, 1S
registered.

It 1s to be noted that, in FIG. 4, a case wherein the length
of one frame 1s 10 ms and the mobile station 16 shown in
FIG. 1 1s handed over from the switching source base station
11 to the switching destination base station 13 1s illustrated,
and a case wherein the frame 72 1n a radio wave transmitted
by the switching destination base station 13 1n which infor-
mation to be communicated by the mobile station 16 is
included 1s late 1n time with respect to the frame 71 1n a radio
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wave transmitted by the switching source base station 11 1n
which information to be communicated by the mobile sta-
tion 16 1s mncluded 1s 1llustrated and as an example of this,
a case wherein frames of the two radio waves have a
difference by 2 frames 1n time 1s illustrated. It 1s to be noted
that, actually although 1t cannot be considered that such a
large time delay occurs between the two radio base stations
11 and 13 connected to the one mobile switching center 6,
here, 1n order to simplify the description, such a case 1is
described as an example.

The mobile switching center 6 allocates, by the data
number management processor 96 shown in FIG. §, such
serial numbers as illustrated in FIG. 4 in units of a frame to
information of radio waves transmitted from the radio base

stations 11 and 13 to apply numbers simultaneously with the
initiation of a hand-over process. It 1s to be noted that the

serial numbers to be 1ncluded 1n information of a signal to
be transmitted from the mobile switching center 6 to the

radio base station 11 or 13 are set repetitively, for example,
for each multiple frame number of a radio channel or for
cach integral number of times the multiple frame number.
The mobile station 16 receives the radio waves (71 and 72)
arriving from the two radio base stations 11 and 13, decodes
the serial numbers 1ncluded 1n mmformation of time slots of
the radio waves and applied for each frame, and detects an
arriving time difference of the two pieces of information.

The mobile station 16 having received the two radio
waves from the radio base station 11 and the radio base
station 13 effects switching to the new radio wave 72

simultaneously with a hand-over instruction. The variation
of the numbers for each frame of the serial numbers included
in the mformation of the signals received by the mobile
station 16 before and after the switching is such as indicated
by the corresponding frame 73 of the received radio waves
of the mobile station upon hand-over of FIG. 4. In this
instance, since the serial numbers 84 and 85 are individually
received twice, the signals of 84B and 85B received for the
second time must be abandoned.

In particular, for the information frames received doubly
and abandoned, an instruction called a repefition code 1s
outputted 1n the repetition code application period 74 to
execute the abandonment. It 1s to be noted that the repetition
code 1s mmformation of a difference number between the
serial numbers included 1n the time slot information of the
two radio waves received by the mobile station 16 from the
switching source base station 11 and the switching destina-
tion base station 13. Here, 1f the signal transmitted by the
switching destination base station 13 arrives later than the
signal transmitted by the switching source base station 11 1n
this manner, the repetition code 1s a negative number. The
mobile station 16 transfers such a repetition code as just
described to the mobile switching center 6 via the switching
source base station 11 during communication.

Here, when, upon hand-over, the signal of the radio base
statton 11 arrives later than the signal of the radio base
station 13 as seen 1n FIG. 4, the abandonment of the received
signal based on the repetition code 1s executed 1n the mobile
station 16, and information representing that the abandon-
ment has been performed 1s conveyed to the mobile switch-
ing center 6 via the new switching destination base station
13. The mobile switching center 6 to which the information
1s conveyed switches the route from the radio base station 11
to 13, and transmission and reception of the speech channel
which has been used by the radio base station 11 are stopped
and the communication channel of the radio base station 13
1s used for communication with the mobile station 16. The
hand-over process 1n the case described above 1s completed
thereby.
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It 1s to be noted that, where the mobile switching center
(MSC) in the present Embodiment 1 employs an switching
center of the asynchronous transfer mode (Asynchronous
Transter Mode; hereinafter referred to as ATM type and the
switching center interface of the radio base station (BS) is of
the ATM type, 1n order to apply the serial numbers to the
data described above, an order header should be added, and
the purpose described above can be attained 1f an ATM
demultiplexer (Demultiplexer) in the radio base station is set
so as to decode the header.

In this instance, 1f the number of bits per one packet of
packets (public network packets) of the ATM system trans-
mitted by the public network (PSTN) is larger than the
number of bits included 1n one frame of the mobile com-
munication system 1n a radio section, then the radio base
station divides the bits of the public network packets and
transmits the divided bits in conformity with radio frames.
For example, where the bit number of one public network
packet 1s 384 bits and the bit number of a radio section per
one frame 1s 123 bits, the packet bit number 1s divided 1nto
three and the thus divided bits are allocated to radio section
frame bits. In this instance, the radio base station has a
function of performing numbering to the divided bits.

The correspondence between the structure of a public
network packet and the structure of a radio channel 1is
illustrated in FIG. 6. Referring to FIG. 6, reference symbol
101 denotes a number header of a public network packet,
102 ATM packet information of the public network packet,
1034 a first information part of the ATM packet information
divided into three, 103b a second mformation part of the
ATM packet information divided into three, and 103¢ a third
information part of the ATM packet information divided into
three. It 1s to be noted that the number header 101 of the
public network packet 1s a number added by the mobile
switching center 6 of the ATM type.

Further, reference symbol 104 denotes a radio control
channel of the first frame of a radio channel, 105 radio
transmission 1nformation of the first frame, 106 a radio
control channel of the second frame, 107 radio transmission
information of the second frame, 108 a radio control channel

of the third frame, and 109 radio transmission information of
the third frame.

The radio control channel 104 includes a control infor-
mation part and a number part of a radio section, and this
number part represents the first one of the numbers added by
the mobile switching center 6 of the ATM type. Meanwhile,
the radio transmission information 103 is a part in which the
first information part 103a obtained by dividing the ATM
packet information into three 1s to be stored. Radio infor-
mation of the first frame 1s composed of the radio control
channel 104 and the radio transmission information 105.
Similarly, radio information of the second frame 1s com-
posed of the radio control channel 106 including the second
one of the numbers added by the mobile switching center 6
of the ATM type and the radio transmission information 107
in which the second information part 1035 obtained by
dividing the ATM packet information into three 1s stored,
and radio information of the third frame 1s composed of the
radio control channel 108 including the third one of the
numbers added by the mobile switching center 6 of the ATM
type and the radio transmission information 109 in which the
third mnformation part 103c obtained by dividing the ATM
packet information 1nto three 1s stored.

On the contrary where the number of bits included 1n one
frame of a radio section 1s larger than the number of bits of
one packet of public network packets (this is the case in high
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speed data transmission), the mobile switching center has a
packet information amount variation function for transmit-
ting ATM packet information of a public network packet as
it 1s without dividing it to a radio base information. In such
an 1nstance, each packet 1n one frame 1s transmitted as a
radio wave from a radio base station while the packet has a
number applied thereto. It 1s to be noted that such high speed
data transmission 1s hereinafter described in detail 1n con-
nection with Embodiment 3.

As described above, according to the present Embodiment
1, there 1s an effect that, where a signal of a switching
destination base station arrives later than a signal of a
switching source base station, adjustment of information
delay 1s performed in a mobile station by abandoning a
number of signals indicated by contents of a repetition code,
and a hand-over operation can be executed readily.

Embodiment 2

Subsequently, as Embodiment 2 of the present invention,
a process where, contrary to the case of Embodiment 1
described above, a signal from a switching destination base
station arrives earlier 1n time to a mobile station than a signal
from a switching source base station 1s described.

FIG. 7 1s a diagrammatic view 1llustrating an example of
an 1nformation transmission time difference which relies
upon a transmission route difference between adjacent radio
base stations upon hand-over in the present Embodiment 2.
Referring to FIG. 7, reference numeral 111 denotes a cor-
responding frame of a radio wave of a switching source base
station, and 112 a corresponding frame of a radio wave of a
switching destination base station, and for each of the
frames, serial numbers of 81, 82, 83, 84, . . . are provided by
a mobile switching center. Reference numeral 113 denotes a
corresponding frame of a received radio wave of a mobile
station upon hand-over, and 114 a repetition code applica-
tion period 1n which a repetition code 1s applied. It 1s to be
noted that, also in this instance, the length of one frame is
indicated as 10 ms.

When the serial numbers for each frame indicated by
information of the corresponding frame 112 of a radio wave
of the switching destination base station 13 are received
carlier than the serial numbers for each frame of information
of the corresponding frame 111 of a radio wave from the
switching source base station 11 by the mobile station 16 as
scen 1n FIG. 7, the mobile station 16 measures by which
number a number for each frame of the imnformation of the
corresponding frame 112 of a radio wave from the switching
destination base station 13 arrives earlier. The mnformation of
a result of the measurement 1ndicating “by which number a
number arrives earlier” 1s conveyed to the mobile switching
center 6 via the switching source base station 11. Since the
number arrives earlier by only one 1n the example illustrated
in FIG. 7, the mobile switching center 6 conveys a repetition
code whose contents are “1” 1n order to notify the switching
destination base station 13 of this mmformation representing
that “a number arrives earlier by 17. It 1s to be noted that,
when the information to be transmitted by the switching
destination base station 13 arrives earlier than the informa-
tion of the switching source base station 11 in this manner,
the repetition code 1s a positive number.

From within the serial numbers for each frame of the
corresponding frame 112 of a radio wave from the switching
destination base station 13, the numbers 84B, 85B and 86B
indicate by the contents “1” of the repetition code that
information delayed by one frame 1s emitted from the radio
base station 13 after the point of time of hand-over.
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Accordingly, the mobile station 16 receives the correspond-
ing frame 111 of the radio wave from the switching source
base station 11 till the point of time of hand-over, but
receives the corresponding frame 112 of the radio wave from
the switching destination base station 13 after the point of
fime of hand-over. Consequently, the switching destination
base station 13 has a function of delaying information for an
integral number of times of a frame time by a number
indicated by the repetition code using a memory built
therein.

At a point of time at which a radio wave emitted from the
switching destination base station 13 1s delayed by the
number 1ndicated by the repetition code, a serial number
indicated by the switching destination base station 13 and a
serial number 1ndicated by the switching source base station
11 coincide with each other, and this coincidence 1s con-
firmed by the mobile station 16. The mobile station 16
transmits the confirmation information to the mobile switch-
ing center 6 via the new radio base station 13.

FIG. 8 1s a time chart 1llustrating a process of hand-over
in the present Embodiment 2. In FIG. 8, the process P121
indicates radio connection communication between the
mobile station 16 and the switching source base station 11,
and the process P122 indicates wire connection communi-
cation between the radio base station 11 and the mobile
switching center 6. Further, 1n the processes P123 and P124,
a hand-over request arising from an increase in error rate or
the like 1s transmitted from the switching source base station
11 during communication or from the mobile station 16 via
the switching destination base station 11 to the mobile
switching center 6.

The mobile switching center 6 having received this hand-
over request transmits, to the switching destination base
station 13 in the process P125 or to the mobile station 16 via
the switching source base station 11 in the process P126,
radio information such as a time slot or a spread spectrum
code of the switching destination. At this point of time, the
switching destination base station 13 begins, 1n the process-
ing P127, to transmit the same signal as that of the down-link
of the switching source base station 11 via the switching
destination channel. Further, the mobile switching center 6
simultaneously applies serial numbers 1n units of a frame

length to the signals to be transmitted to the two radio base
stations 11 and 13.

The mobile station 16 receives the serial numbers 1ndi-
vidually from the two radio base stations 11 and 13 and
measures, 1n the process P123, a displacement between the
serial numbers transmitted by the two radio base stations 11
and 13 and transmits the displacement information to the
mobile switching center 6 via the radio base station during
communication (in this instance, the switching source base
station 11). The number of the displacement conveyed in this
process P123 1s notified as a repetition code from the mobile
switching center 6 to the switching destination base station
13 1n the process P129. The switching destination base
station 13 starts, 1n the process P130, transmission of a
signal delayed by the number to the mobile station 16. The
mobile station 16 confirms, 1n the processes P131 and P132,
that the serial numbers of the mmformation included in the
frames of the radio waves from the two radio base stations
11 and 13, described above, exhibit coincidence, and trans-
mits the confirmation mformation to the mobile switching
center 6 via the switching source base station 11.

The mobile switching center 6 transmits, 1n the process
P133, a “communication starting command” to the switch-
ing destination base station 13, and the switching destination
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base station 13 transfers the information to the mobile
station 16 1n the process P114. Then, in the process P1335,
radio communication between the mobile station 16 and the
switching destination base station 13 is started, and in the
process P136, wire communication 1s started between the
switching destination base station 13 and the mobile switch-
ing center 6. Thereafter, 1n the process P137, a “radio
disconnection command” 1s transmitted from the mobile
switching center 6 to the switching source base station 11,
and 1n the process P138, the radio communication between
the switching source base station 11 and the mobile station
16 1s disconnected.

As described above, according to the present Embodiment
2, there 1s an effect that, when a signal of a switching
destination base station arrives earlier than a signal from a
switching source base station, delays of the signals from the
two radio base stations become equal to each other at a
mobile station by delaying transmission of the switching
destination base station, and a hand-over operation of the
mobile station can be executed readily.

Embodiment 3

Subsequently, as Embodiment 3 of the present invention,
hand-over upon high speed data transmission 1s described.

The atorementioned Japanese Patent Application No. Hei
9-164817 filed for patent separately defines a mobile com-
munication system which can transmit data at a high speed.
In this document, a case of a symmetric communication
channel wherein both of up and down communications are
high speed data transmission and another case of an asym-
metric communication channel wherein only one of up and
down communications 1s high speed data transmission while
the other communication i1s low speed data transmaission.
Here, a mobile communication system which allows hand-
over 1n a case of high speed data transmission which further

includes an asymmetric communication channel 1s
described.

It 1s to be noted that high speed data transmission can be
realized by the TDMA system or the time divided CDMA
system, and high speed data communication channels by the
TDMA system are indicated by the time slots #51-T0/R0,
T1/R1, T2/R2, T3 and T7A shown 1n FIG. 2, and further, a
high speed data communication channel by the time divided
CDMA system 1s indicated by the time slot #52-T7C. Also
in the case of the high speed data communication channel by
the time divided CDMA system, since the structure of data
demodulated with a CDMA diffusion code or the structure of
data before frequency spread with a CDMA spectrum spread
code 1s considered to be the same as the structure of data of
a high speed data communication channel by the TDMA
system, 1n the following description, only an example of a
hiech speed data communication channel by the TDMA
system 1s described 1n detail.

FIG. 9 1s a diagrammatic view 1llustrating an example of
a time slot structure 1n a frame of TDMA high speed data
communication 1n Embodiment 3 of the present invention.
Referring to FIG. 9, reference numerals 141 and 143 denote
time slots corresponding to the time slot #51-12 for TDMA
hiech speed data communication shown in FIG. 2, and
reference numeral 142 denotes a time slot corresponding to
the time divided CDMA time slot #41-R2 for low speed
communication. The time slot 141 has a one time slot length
of 625 micro-second and 1s composed of 16 micro slots
144-1 to 144-16, one of which (in the case shown, the micro
slot 144-16) forms a guard time of 36.06 microsecond.
Meanwhile, reference numeral 145 denotes a micro slot
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format showing an example of an internal structure of each
of the micro slots 144-1 to 144-15, and in the example
shown, 384 bits of an information part (INFORMATION
DATA) and 40 bits of a packet header 40 in control data
(CONTROL DATA) of 80 bits have a structure coincident
with the structure of a packet of the ATM type. Thus, also a
case wherein a mobile switching center (MSC) may be of the
ATM type and a radio base station may possibly be an ATM
terminal.

While, in the example of FIG. 9, only the micro slot
144-16 1s used as a guard time, when necessary, the micro
slot 144-15 or also the micro slots 144-14, 144-13, . . . may
be used as a guard time as 1 a cellular communication
system or the like.

It 1s to be noted that, since high speed data communication
1s the center of the argument here, the time slot 142 for low
speed data communication i1s not described. Further, while
the time slot 141 for high seed data transmission described
above i1s illustrated only for a down-link (Down-link), it
similarly applies to an up-link (Up-link).

FIG. 10 1s a diagrammatic view illustrating an example of
a micro slot structure upon hand-over of a high speed TDMA
data channel constructed based on a packet where a signal of
a switching destination base station arrives later than a
signal of a switching source base station. It 1s to be noted
that, 1n this FIG. 10, TDMA high speed bursts 146-1 and
146-2 of a down-link transmitted by the switching source
base station (for example, the radio base station 11 of FIG.
1) which is radio connected to a mobile station when
hand-over 1s to be started and TDMA high speed bursts
147-1 and 147-2 of a down-link transmitted by the switching
destination base station (for example, the radio base station
13 of FIG. 1) which is a destination of the hand-over are
1llustrated.

When hand-over becomes required in such a mobile
communication system as described above, the distances
between the mobile station and a plurality of adjacent radio
base stations are measured from synchronization time dis-
placements 1n frame synchronization between base stations,
and discrimination of hand-over 1s performed based on a
result of the measurement. For example, as the measurement
of the synchronization time displacement of frame synchro-
nization between base stations, a time difference except a
fixed time difference between the top time position of a time
divided CDMA burst signal received from the radio base
station by the mobile station and the top time position of
another time divided CDMA burst signal transmitted 1n
response to an 1nstruction of the radio base station so that the
fop may arrive at the radio base station at the top time
position of a time slot 1s calculated 1n units of a chip rate
which 1s used 1n time divided CDMA communication, and
1scrimination of hand-over 1s performed from the obtained
1splacement 1n synchronization time. It 1s to be noted that
etails of such a hand-over discrimination function as just
escribed 1s omitted since 1t 1s disclosed 1n Japanese Patent
Application No. He1 9-191090 filed for patent separately.

A time slot of information of the burst 146-1 transmitted
by the switching source base station 11 1s composed of 16
micro slots, and the first micro slot number of them 1s #151.
On the other hand, also a time slot of information of a burst
147-1 transmitted by the switching destination base station
13 1s composed of 16 micro slots, and the first micro slot
number of them 1s #149. In this manner, in FIG. 10, a case
wherein the information number of the switching destination
base station 13 arrives later by two from the iformation
number of the switching source base station 11. An example
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wherein, 1n such a case as just described, although ATM
packets transmitted from the mobile switching center 6 of
FIG. 1 to the two radio base stations 11 and 13 are trans-
mitted at a same time, they do not arrive simultaneously
because the transmission form of them 1s an asynchronous
form 1s 1llustrated. Actually, while the delay of one of the
ATM packets by two micro slot intervals does not arise from
such a simple situation as just described, since the object
here 1s to define a countermeasure when a delay occurs, such
a case as described above 1s presumed for the purposes of
illustration.

A mobile station (for example, the mobile station 16 of
FIG. 1) which tries to start hand-over successively receives,
in the same frame, the burst 146-1 transmitted by the
switching source base station 11 and a burst 147-1 trans-
mitted by the switching destination base station 13. Then,
the mobile station 16 recognizes that the numbers of the top
micro slots of the bursts are #151 and #149, produces a
repetition code whose contents are “2” which represents that
the delay amount of the information 1s 2 micro slots, and
transmits the repetition code to the mobile switching center
6 via the switching source base station 11.

The mobile switching center 6 having received the rep-
etition code recognizes from the contents of the repetition
code that the information number of the switching destina-
tion base station 13 1s later by 2 than the information number
of the switching source base station 11, and sends a repeti-
tion code, whose contents are “2”, to the mobile station 16
via the switching destination base station 13 to instruct the
mobile station 16 to abandon information of the two top
micro slots of the burst 147-2 transmitted from the switching
destination base station 13 and received after switching by
hand-over. The mobile station 16 having received the rep-
etition code abandons, since the contents of 1t are “27,
information of micro slots up to the second micro slot from
the top of the burst 147-2 transmitted by the switching
destination base station 13. While the micro slot numbers of
the mmformation received by the mobile station 16 are those
of 16 micro slots indicated at the lowermost stage in FIG. 10
whose micro slot number ranges from #164B to #178, since
the first two micro slots whose micro slot numbers are
#164B and #165B are abandoned, the micro slots of the
remaining micro slot numbers of #166 to #178 arc utilized
as elfective information 1n the mobile station 16.

As described above, according to the present Embodiment
3, there 1s an effect that, when a signal transmitted by a
hand-over destination (switching destination base station)
upon high speed data transmission arrives later than a signal
transmitted by a hand-over source (switching source base
station), since a mobile station abandons a number of time
slots indicated by contents of a repetition code, discontinuity
of information which arises upon hand-over of high speed
data transmission can be eliminated.

Embodiment 4

Subsequently, as Embodiment 4 of the present invention,
a process when, contrary to the case of Embodiment 3
described above, a signal from a switching destination base
station arrives earlier in time at a mobile station than a signal
from a switching source base station 1s described.

FIG. 11 1s a diagrammatic view 1llustrating an example of
a micro slot structure upon hand-over 1n such Embodiment
of the present invention as just mentioned. It 1s to be noted
that, in this FIG. 11, high speed TDMA bursts 146-1 and
146-2 of a down-link transmitted by the switching source
base station 11 which 1s radio connected to the mobile
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statton when hand-over 1s to be started and TDMA high
speed bursts 147-1 and 147-2 of a down-link transmitted by

the switching destination base station 13 of a hand-over
destination are illustrated.

The first micro slot number from 16 micro slots which
form a time slot of information of the burst 146-1 transmiut-
ted by the switching source base station 11 1s #151, and the
first micro slot number of 16 micro slots which form a time
slot of mnformation of the burst 147-1 transmitted by the
switching destination base station 13. In this manner, a case
wherein the information number of the radio base station 11
arrives later by 3 than the information number of the
switching destination base station 13 1s illustrated i FIG.
11. An example wherein, 1n such a case as just described,
although ATM packets transmitted from the mobile switch-
ing center 6 of FIG. 1 to the two radio base stations 11 and
13 are ftransmitted at a same time, they do not arrive
simultaneously because their transmission form 1s an asyn-
chronous form 1s 1llustrated.

The mobile station 16 which tries to start hand-over
successively receives, in the same frame, the burst 146-1
transmitted by the switching source base station 11 and the
burst 147-1 transmitted by the switching destination base
station 13. Then, the mobile station 16 recognizes that the
numbers of the top micro slots of the bursts are #151 and
#154, produces a repetition code whose contents are “3”
which represents that the delay amount of the information 1s
3 micro slots, and transmits the repetition code to the mobile
switching center 6 via the switching source base station 11.

The mobile switching center 6 having received the rep-
etition code recognizes from the contents of the repetition
code that the information number of the switching destina-
tfion base station 13 1s later by 3 than the information number
of the radio base station 11, and sends a repetition code,
whose contents are “3”, to the switching destination base
station 13 to instruct the switching destination base station
13 to repetitively transmit, as information of the three top
micro slots of the burst 147-2 to be transmitted by the
switching destination base station 13, information of the
three last micro slots of the preceding frame. The switching
destination base station 13 having received the repetition
code stores, since the contents of 1t are “3”, the last three
micro slots from within the mnformation of the micro slots
which have been transmitted already into a memory buailt
theremn, and successively transmits, simultancously with
hand-over, the mnformation of the micro slots of the burst
1477-2 beginning with the information of the micro slots for
the three micro slots stored 1n the memory.

On the other hand, the mobile station 16 having received
the repetition code via the switching destination base station
13 receives, 1n accordance with the instruction from the
same, Information of the micro slots of the burst 147-2
fransmitted by the switching destination base station 13
without performing any special processing. The micro slot
numbers of the information received by the mobile station
16 are those of 16 micro slots indicated 1n the lowermost
stage of FIG. 11 whose micro slot numbers range from #166
to #180, and while the first three micro slots whose micro
slot numbers range from #166 to #168 arc the information
transmitted by the preceding frame by the switching desti-
nation base station 13 and transmitted again, the mobile
station 16 utilizes all of those received micro slots whose
micro slot numbers range from #166 to #180 as ciiective
information.

As described above, according to the present Embodiment
4, there 1s an effect that, when a signal transmitted by a
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hand-over destination (switching destination base station)
upon high speed data transmission arrives earlier than a
signal transmitted by a hand-over source (switching source
base station), since the switching destination base station
re-sends a number of the last time slots of the preceding
frame indicated by contents of a repeftition code, disconti-

nuity of information which arises upon hand-over 1n high
speed data transmission can be eliminated.

Embodiment 5

It 1s to be noted that, while the embodiments described
above 1ndicate a down-link by which a radio wave 1s
transmitted from a radio base station to a mobile station of
a destination of hand-over, here, as Embodiment 5 of the
present mnvention, operation of a system upon hand-over of
an up-link by which a radio wave 1s transmitted from a
mobile station to a radio base station 1s described.

An 1mportant characteristic 1n the description of a process
upon hand-over of an up-link in the present mobile com-
munication system 1s that the system 1s a synchronous
system 1n which synchronism of frames of radio signals
transmitted by a plurality of radio base stations 1s
established, and synchronism establishment of the present
system 1s disclosed 1n detail in Japanese Patent Application
No. He1 9-191090 filed for patent separately. According to
the mobile combination system disclosed in this Japanese
Patent Application No. He1 9-191090, as described also
hereinabove, from a time difference except a fixed time
difference between the top time position of a time divided
CDMA burst signal received from a radio base station by a
mobile station and the top time position of a time divided
CDMA burst signal transmitted to the radio base station 1n
accordance with an 1nstruction of the radio base station so
that the top may arrive at the top time position of a time slot,
the distance between the mobile station and each of a
plurality of adjacent radio base stations 1s measured to
establish frame synchronism between the radio base sta-
fions.

It 1s to be noted that, while this Japanese Patent Appli-
cation No. He1 9-191090 does not mention high speed data
communication, a synchronization system between base
stations similar to that of this Japanese Patent Application
No. He1 9-191090 can be applied also to a system which
includes high speed data communication only if frames of
the TDMA system or the time divided CDMA system are
same and also frames of high speed data communication by
the TDMA system or the time divided CDMA system are
same as the frames described above. Further, if the symbol
rate of high speed TDMA data communication 1s equal to the
chip rate of a low speed or high speed data communication
channel by the time divided CDMA or 1s 1n a relationship in
which 1t has a value of the chip rate multiplied or divided by
2 to the nth power, then high speed data communication and
time divided CDMA whose frame synchronizations are
same can be 1dentified with each other in regard to estab-
lishment of synchronism.

Based on such a systematic characteristic as described
above, a hand-over operation of an up-link of the mobile

communication system of the present Embodiment 5 1is
described.

Here, a case wherein the necessity for hand-over arises as
the mobile station 16 moves toward the radio base station 13
in a condition wherein the radio base station 11 and the
mobile station 16 shown in FIG. 1 are radio connected to
each other 1s examined.

A radio wave of the up-link from the mobile station 16 1s
received simultaneously by the two radio base stations 11
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and 13, and besides, since the two radio base stations 11 and
13 are frame synchronized with each other, 1t 1s considered
that the arrival time difference between the received signals
at the two radio base stations 11 and 13 1s an error within a
ouard time. Accordingly, 1t 1s recognized that the problem
involved 1n channel switching upon hand-over of the up-link

1s not a problem of arrival of radio waves between the
mobile station 13 and the radio base stations 11 and 13, but

another problem of which one of them 1s received first by the
mobile switching center 6 1n an asymmetrical transmission
mode between the two radio base stations 11 and 13 and the
mobile switching center 6 or whether the order of packets
transmitted from the mobile switching center 6 to the public
network 1 may be reversed because information of the
preceding frame 1s delayed. In the present Embodiment 5,
such a problem as just described 1s solved 1n the following
manner.

FIG. 12 1s a diagrammatic view 1llustrating a structure of
an ATM packet to be transmitted to a mobile switching
center by a radio base station and radio channel information.
Referring to FIG. 12, reference numeral 191 denotes time
slot information of the up-link transmitted to the radio base
station 11 or 13 by the mobile station 16 shown in FIG. 1,
192 control data (Control Data) of the time slot information
191, and 193 information data (Information Data) transmit-
ted by the time slot information 191. Reference numeral 194

denotes a packet form modified from the time slot informa-
tion 191, 195 a header of the packet form 194 added by a
radio base station of the ATM type, and 196 information data

(Information Data) transmitted. Reference numeral 197
denotes a packet signal sent from a mobile switching center
to a data base, 198 a header added by a mobile switching
center of the ATM type, and 199 ATM packet mnformation

transmitted.

The control data 192 of the time slot mmformation 191
transmits control information necessary for line connection
between the mobile station 16 and the radio base station 11
or 13 and so forth, and the information data 193 1s used to
transmit information from the mobile station 16 to the data
base 2 via the radio base station 11 or 13, mobile switching,
center 6 and public network 1. This time slot information
191 1s modified into the packet form 194 to be transmitted
to the mobile switching center 6 by the radio base station 11
or 13. This modification from the time slot information 191
to the packet form 194 removes information peculiar to
radio from the control data 192 of the time slot information
191 and adds mmformation for notification to the mobile
switching center 6.

In order to settle the order of the information, multi-frame
numbers on a radio channel received by the radio base
station 11 or 13 are added as serial numbers relating to the
multi-frames of the radio channel to the header 195 of the
packet form 194 to be transmitted from the radio base station
11 or 13 to the mobile switching center 6. It 1s to be noted
that the serial numbers relating to the multi-frames of the
radio channel may be set so as to be repeated for each
integral number of times the multi-frame.

The mobile switching center 6 checks the multi-frame
numbers 1n the header 195 of the packet form 194 received
from the two radio base stations 11 and 13 during hand-over
to discriminate the orders of the information and sends a
packet signal 197 modified from the packet form 194 based
on the order to the data base 2 via the public network 1.
Thereupon, the header 198 of the packet signal 197 trans-
mitted by the mobile switching center 6 1s a packet header
defined by the public network 1.

It 1s to be noted that, since the header 195 of the packet
form 194 transmitted from the radio base stations 11 and 13
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to the mobile switching center 6 1s used only by a system
closed 1n the mobile communication system, it may have a
structure different from that of the header 198 of the packet
signal 197 which 1s used by the public network 1. In
particular, 1n the example described above, multi-frame
numbers of information are added. Further, 1t 1s a matter of
course that, upon variation of the packet form by the radio
base stations 11 and 13 and the mobile switching center 6,
contents of the portions of the information data 193 and 196
and the ATM packet information 199 need not be varied.

As described above, according to the present Embodiment
5, there 1s an effect that, by adding multi-frame numbers on
a radio channel to a packet header to be transmitted from a
radio base station to a mobile switching center, the order of
signals transmitted by the mobile station can be identified by
the mobile switching center, and 1t can be eliminated upon
hand-over that the order of information transmitted from the
mobile switching center to a public network 1s mistaken.

Embodiment 6

Subsequently, as Embodiment 6 of the present invention,
a structure of a mobile station for a TDMA/time divided
CDMA/high speed TDMA/high speed time divided CDMA

communication system 1s described.

Here, FIG. 13 1s a block diagram showing a construction
of such a mobile station as just described according to
Embodiment 6 of the present invention. Referring to FIG.
13, reference numeral 201 denotes an antenna, 202 a
transmission/reception distribution section which performs
distribution of a signal received by the antenna 201 and a
signal to be transmitted from the antenna 201, 203 an RF
(radio frequency; Radio Frequency) reception section which
performs amplification of a signal received by the antenna
201, and 204 an RF transmission section which performs
amplification of a signal to be transmitted from the antenna
201. It 1s to be noted that the RF reception section 203 has
a built-in switch for selecting a system for transmission, that
1s, a communication system by which a necessary amount of
information can be transmitted, in synchronism with a time
slot, and switches an output destination 1n response to a
communication system.

Reference numeral 205 denotes a high speed/low speed
equalization demodulator which includes high speed and
low speed equalizers for removing delay propagation dis-
tortions by a propagation route and demodulates a signal
selected and outputted by the RF transmission section 204
when a low speed TDMA or high speed TDMA channel 1s
to be utilized, and 206 a correlation reception/reverse dif-
fusion coding calculating section which multiplies, when a
time divided CDMA channel diffusion coded using a diffu-
sion coding signal 1s utilized, a signal selected and outputted
by the RF reception section 203 by a diffusion code allocated
to the self station (reverse coding calculation), extracts the
original signal which is not diffusion coded (correlation
reception) and outputs the original signal to the high speed/
low speed equalization demodulator 205. Reference numeral
207 denotes a channel reception/TDMA separation section
hereinafter referred to CH reception/TDMA separation
section) which extracts a necessary signal from a format of
a signal demodulated by the high speed/low speed equal-
ization demodulator 205 (demultiplexing) and supplies the
extracted signal to a processing section for the signal.

Reference numeral 208 denotes an error correction/
speech decoding section which corrects errors of informa-
tion demultiplexed by the CH reception/TDMA separation
section 207, decodes data and a speech signal from the
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information and supplies them to a man-machine interface
not shown. Reference numeral 209 denotes an error
correction/speech coding section which codes data or a
speech signal supplied thereto from the man-machine inter-
face and adds a code for error correction to the coded data
or speech signal. Reference numeral 210 denotes a control
information processor which performs decoding of control
data demultiplexed by the CH reception/TDMA separation
section 207 and gives instructions of various functions based
on the decoded control data to the mobile station, and further
produces control data responding to the mobile station.

Reference numeral 211 denotes a channel transmission/
TDMA multiplexing section (hereinafter referred to as CH
transmission/TDMA multiplexing section) which multi-
plexes data or a speech signal error correction coded by the
error correction/speech coding section 209 and control data
from the control information processor 210, incorporates the
multiplexed data in a necessary time slot 1n a frame format
and outputs resulting data. It 1s to be noted that the CH
transmission/ TDMA multiplexing section 211 has a built-in
switch for selecting a system for transmission, that 1s, a
communication system by which a necessary amount of
information can be transmitted, in synchronism with a time
slot, and switches the outputting destination 1n accordance
with the communication system. Reference numeral 212
denotes a modulator which modulates, when a low speed
TDMA or high speed TDMA channel 1s utilized, information
outputted from the CH transmission/TDMA multiplexing
section 211 and outputs the modulated information to the RF
transmission section 204, and 213 denotes a correlation
coding/diffusion coding calculation section which diffuses,
when a time divided CDMA channel 1s utilized, information
outputted from the CH transmission/TDMA multiplexing
section 211 on the frequency base using a diffusion code
allocated to the self station to code the information and
inputs the coded mformation to the modulator 212.

Reference numeral 214 denotes a burst control/in-frame
fime setting and time measurement section which performs
control of the emission time of a radio wave burst to be
emitted from the self station, i-frame time setting for
setting 1 which time slot a radio wave 1s to be emitted, time
measurement for transmission timing setting of a radio wave
burst and so forth. Reference numeral 215 denotes a diffu-
sion code generator-chip rate generator which generates a
chip rate to be used for time measurement by the burst
control/in-frame time setting and time measurement section
214 and a diffusion code allocated to the self station.

Reference numeral 216 denotes a data buffer memory as
storage means which stores high speed data information as
information included 1n a time slot demultiplexed by the CH
reception/TDMA separation section 207 or information of a
micro slot in the time slot. Reference numeral 217 denotes
a frame synchronization control processor as control means
which instructs the data buffer memory 216 to abandon
stored information by a number corresponding to contents of
a repefition code transferred thereto from the control infor-
mation processor 210 which has received control data

demultiplexed by the CH reception/TDMA separation sec-
tion 207.

Subsequently, abandonment of doubly received informa-
tion by the mobile station constructed in such a manner as
described above 1s described.

The mobile station shown in FIG. 13 can realize hand-
over on a mobile communication system having an asym-
metric communication channel. For example, such a case
wherein a high speed data channel by the TDMA system 1s
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set for large capacity transmission 1n a down-link and a
signal from a switching destination base station arrives later
than a signal from a switching source base station as shown
in FIG. 10 1s considered. In such a case, a radio frequency
signal of a TDMA high speed data channel inputted from the
antenna 201 1s mnputted to the RF reception section 203 via
the transmission/reception distribution section 202 and then
converted 1nto a digital signal by the high speed/low speed
equalization demodulator 205 which includes the equalizers,
whereafter 1t 1s demultiplexed into control information and
higch speed data information by the CH reception/TDMA
separation section 207. The demultiplexed control informa-
tion 1s delivered to the control information processor 210
while the high speed data information 1s delivered to the data
buffer memory 216.

When such hand-over as seen 1n FIG. 10 1s to be started.,
since the control information delivered to the control 1nfor-
mation processor 210 conveys information of by which
numbered frame 1n a multi-frame hand-over switching 1s to
be performed and a repetition code, the control information
processor 210 transfers the information to the frame syn-
chronization control processor 217. The frame synchroniza-
tion control processor 217 instructs, at the number of the
switching frame, the data buffer memory 216 to abandon
information of a number of the top micro slots of the frame
equal to the number designated by the repetition code. The
remaining information 1s supplied from the data buifer
memory 216 to the error correction/speech decoding section
208, from which error corrected information 1s outputted to
the man-machine interface.

Further, as described 1n “hand-over 1in an up-link” of
Embodiment 5 described above, 1n the present mobile com-
munication system, hand-over processing in an up-link does
not particularly matter between a mobile station and a radio
base station, and the mobile station does not require any
special processing. Accordingly, a case wherein the up-link
handles low speed data 1s described here with reference to

FIG. 13.

Low speed data mnputted from a data generation source
(the man-machine interface) is subject to processing of error
correction and so forth of the error correction/speech coding
section 209 and 1s multiplexed with control information
from the control information processor 210 by the CH
transmission/ TDMA multiplexing section 211. Where a time
divided CDMA channel 1s utilized for the low speed data,
the multiplexed signal 1s CDMA coded by the correlation
coding/diffusion coding calculation section 213 and trans-
mitted to a radio base station via the modulator 212, RF
fransmission section 294, transmission/reception distribu-
fion section 202 and antenna 201.

It 1s to be noted that, since this processing of the up-link
1s described in Japanese Patent Application No. Hei
90164817 filed for patent already by the present applicant
and cited 1n the above described Embodiment 3 in which it
1s described 1n outline, the description of a case wherein a
low speed CDMA data channel 1s set for a down-link or an
up-link handles high speed data 1s omitted.

As described above, according to the present Embodiment
6, there 1s an advantage that, when a mobile station used 1n
the present mobile communication system effects hand-over,
it 1s only required that the data buffer memory 216 having a
function of deleting data of a down-link and the frame
synchronization control processor 217 for controlling the
data bufler memory 216 be set. As regards an up-link, the
mobile station need not particularly be conscious of hand-
over 1n regard to a delay of data except switching to radio
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parameters (a frequency, a time slot and so forth) of a
switching destination base station.

Embodiment 7

Embodiment 7 of the present mvention, a structure of a
radio base station for a TDMA/time divided CDMA/high

speed TDMA/high speed time divided CDMA communica-
fion system 1s described below.

FIG. 14 1s a block diagram showing a construction of such
a radio base station as mentioned above according to
Embodiment 7 of the present invention. Referring to FIG.
14, reference numerals 221 and 222 denote each a signal
processing section having functions equivalent to the mobile
station shown 1n FIG. 13 except the antenna 201,
fransmission/reception distribution section 202, RF recep-
tion section 203, RF transmission section 204, data buffer
memory 216 and frame synchronization control processor
217. Reference numerals 223 and 224 denote adders which
perform addition of signals outputted from a plurality of
signal processing sections including the signal processing
sections 221 and 222, and reference numeral 225 denotes an
RF transmission section, 226 an RF reception section, 227 a
transmission/reception distribution section, and 228 an
antenna.

Further, reference numerals 231 to 238 and 241 to 248
denote each a channel allocation memory as storage means
for storing information included 1n a time slot or information
of micro slots 1n a time slot, and the memories 231, 235, 241
and 245 are used for time divided CDMA channel
conversion, the memories 232, 236, 242 and 246 for low
speed TDMA data channel conversion, the memories 233,

237, 243 and 247 for high speed TDMA/high speed time
divided CDMA data channel conversion, and the memories

234, 238, 244 and 248 for TDMA/time divided CDMA
control channel conversion. It 1s to be noted that the memo-
ries 231 to 234 and 241 to 244 and the memories 235 to 238

and 245 to 248 perform conversions in the opposite direc-
tions to each other.

Reference numeral 251 denotes a switch for selecting a
system for transmission to be used to select one of the
memories 231 to 234 and connect 1t to an mnformation 1nput
of the signal processing section 221, that 1s, a communica-
fion system by which a necessary amount of information can
be transmitted, 1n synchronism with a time slot, and 252 a
switch for communication system selection for connecting
an information input of the signal processing section 221 to
one selected memory 235 to 238. Similarly, reference
numeral 253 denotes a switch for communication system
selection for connecting one of the memories 241 to 244 and
connecting 1t to an information input of the signal processing
section 222, and 254 denotes a switch for communication
system selection for connecting an information input of the

signal processing section 222 to one selected memory 245 to
248.

Reference numeral 255 denotes a frame synchronization
processor as control means which controls the memories 231
to 234 to store information transmitted already by a number
designated by contents of a repetition code recerved from the
mobile switching center 6 and perform re-sending of the
stored 1nformation upon starting of hand-over and controls
the memories 235 to 238 to add a new header including a
serial number to received information. Reference numeral
256 denotes a frame synchronization processor as control
means which controls the memories 241 to 244 to store
information transmitted already by a number designated by
contents of a repetition code received from the mobile
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switching center 6 and perform re-sending of the stored
information upon starting of hand-over and controls the
memories 245 to a new header including a serial number to
received 1mnformation. Meanwhile, reference numeral 257
denotes an switching center interface which serves as an
interface between the radio base station and the mobile
switching center 6.

Further, FIG. 15 1s a block diagram showing an internal
construction of the signal processing sections 221 and 222.
Referring to FIG. 15, reference numeral 260 denotes an error
correction/speech coding section, 261 a CH transmission/
TDMA multiplexing section, 262 a modulator, 263 a corre-
lation coding/diffusion coding calculation section, 264 a
burst control/in-frame time setting-time measurement
section, 265 a diffusion code generator-chip rate generator,
266 a high speed/low speed equalization demodulator, 267
a correlation reception/reverse diffusion coding calculation
section, 268 a CH reception/TDMA demultiplexing section,
and 269 an error correction/speech decoding section, and

they are equivalent to the corresponding members shown 1n
FIG. 13.

Subsequently, operation when the radio base station con-
structed 1n such a manner as described above 1s used as a

switching destination base station upon hand-over 1s
described.

It 1s to be noted that description of operations by the units
260 to 269 1n the signal processing sections 221 and 222
whose internal construction 1s shown 1 FIG. 15 1s omitted

here since the operations are similar to those by the units 205
to 209 and 211 to 215 of the mobile station shown 1n FIG.

13.

Here, 1n FIG. 7, an example of an information arrival time
difference which relies upon a transmission route difference
when a signal transmitted by a switching destination base
station arrives earlier than a signal of a switching source
base station. In such an instance, the frame synchronization
control processor 255 of FIG. 14 controls the memories 231
to 234 to transmit mformation of a time slot, to which a
serial number 84 1s applied upon hand-over as indicated by
a corresponding frame 112 of a transmission radio wave of
the switching destination base station illustrated in FIG. 7, to
a mobile station again.

In particular, the frame synchronization control processor
255 controls, based on contents “1” of a repetition code
received from the mobile switching center 6 via the switch-
ing center interface 257, the memory 231 for time divided
CDMA channel conversion or the memory 232 for low
speed TDMA data channel conversion to store information
for one time slot and output the information to the informa-
tion mput of the signal processing section 221 after hand-
over. The signal processing section 221 processes the
received information by an operation equivalent to that of
the mobile station shown 1n FIG. 13 and successively
transmits resulting information as a radio wave via the adder
223, RF transmission section 225, transmission/reception
distribution section 227 and antenna 238.

On the other hand, while the high speed TDMA data
transmission illustrated 1n FIG. 11 indicates a case wherein
a signal of the switching destination base station arrives
carlier by 3 micro slots than a signal of the switching source
base station, 1n this instance, the frame synchronization
control processor 285 controls, based on contents “3” of a
repetition code received from the mobile switching center 6
via the switching center interface 257, the memory 233 for
high speed TDMA data channel conversion to store infor-
mation for 3 micro slots and output the information to the
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information mput of the signal processing section 221 after
hand-over so that 1t 1s successively transmitted as a radio
wave from the signal processing section 221 via the adder
223, RF transmission section 225, transmission/reception
distribution section 227 and antenna 228.

Subsequently, operation of the radio base station as a
switching destination base station when a signal from a

mobile station 1s received in an up-link upon hand-over is

described.

According to the hand-over processing in an up-link
described hereinabove 1n connection with Embodiment 5, 1n
an up-link of a switching destination base station, 1t 1s
necessary to add, to a header of packet type information to
be transmitted to the mobile switching center 6, a new
header which 1ncludes a frame number 1n a multi-frame as
information. This operation of adding a new header 1is
performed by the memories 235 to 238 or 245 to 248 under

the control of the frame synchronization control processor
255 or 256 shown 1n FIG. 14.

Here, 1n an up-link of the present mobile communication
system, since the problem of a data delay does not occur as
described above, deletion or delaying of information 1s not
performed by any of the memories 235 to 238 and 245 to 248
described above. In other words, by the memories 235 to 238
and 245 to 248, only conversion of an information rate on a
radio wave and conversion of an information rate on a wire
link are performed.

As described above, according to the present Embodiment
7, there 1s an advantage that, also when a signal of a
switching destination base station upon hand-over arrives
carlier than a signal of a switching source radio base station,
information stored in the memories 231 to 234 or 241 to 244
1s delayed and transmitted by control of the frame synchro-
nization control processor 225 or 226, it can be avoided that
a mobile station receives continuous information while the
information drops partially upon hand-over.

Embodiment &

It 1s to be noted that, while, in the embodiments described
above, a case wherein mobile switching centers (MSC) are
connected to each other via a public network (PSTN) is
described, mobile switching centers may be connected
directly to each other by an additional communication line.

FIG. 16 1s a system diagram showing an entire system
construction diagram of a mobile communication system of
Embodiment 8 of the present invention having such a
construction as just described, and description of corre-
sponding elements 1s omitted with same reference symbols
as those of FIG. 1 applied thereto. Referring to FIG. 16,
reference numeral 271 denotes an additional communication
line which 1s provided between and directly connects the
mobile switching center 6 and the mobile switching center
7 to each other, and 272 another additional communication
line which 1s provided between and directly connects the
mobile switching center 7 and the mobile switching center
8 to each other. Those additional communication lines 271
and 272 are used when hand-over s performed between radio
base stations which belong to different mobile switching
centers such as, for example, from the radio base station 13
which belongs to the mobile switching center 6 to the radio

base station 21 which belongs to the mobile switching center
7

When 1t 1s supposed that, in FIG. 16, the mobile station 18
which 1s communicating with the switching source base
station 13 approaches the switching destination base station
21, the additional communication line 271 which directly
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connects the mobile switching center (hereinafter referred to
as switching source mobile switching center) 6 to which the
switching source base station 13 1s connected and the mobile
switching center (hereinafter referred to as switching desti-
nation mobile switching center) 7 to which the switching
destination base station 21 1s connected to each other is
particularly used in the following manner.

The switching source mobile switching center 6 discrimi-
nates that, as a result of the approach of the mobile station
18 to the switching destination base station 21, 1t becomes
necessary to hand over the other party of communication of
the mobile station 18 from the switching source base station
13 to the switching destination base station 21. To the mobile
switching center 6, the other party on the public network
side 1n this communication 1s the data base 2, and 1t 1s
assumed that information of the data base 2 1s connected by
the switching center 3 and the switching center 5 which
belong to the public network 1. Originally, it may be
ordinary to transfer the relaying function between the mobile
statton 18 and the data base 2 from the switching source
mobile switching center 6 to the switching destination
mobile switching center 7 to which the radio base station 21
of the destination of hand-over 1s connected simultaneously
with hand-over. In particular, in an ordinary case, the con-
nection prior to hand-over starts from the data base 2, passes
the switching center 5§ which belongs to the public network
1, switching center 3, switching source mobile switching
center 6 and switching source base station 13, and comes to
the mobile station 18. On the other hand, the connection
after hand-over may start from the data base 2, pass the
switching center 5 which belongs to the public network,
switching center 4, switching destination mobile switching
center 7 and switching destination base station 21 and come
to the mobile station 18.

However, 1n the present Embodiment 8, when hand-over
1S to occur, transition to the final form described above 1n
which the connection starts from the data base 2, passes the
switching center 5, which belongs to the public network 1,
and then passes the switching center 4, switching destination
mobile switching center 7 and switching destination base
station 21 and comes to the mobile station 18 does not occur
immediately. Firstly transition to an intermediate form
occurs. In this form, the connection starts from the data base
2, passes the switching center 5, which belongs to the public
network 1, then passes the switching center 3 and mobile
switching center 6 as well as the switching destination
mobile switching center 7 and switching destination base
station 21 and comes to the mobile station 18. Transmission
of information from the switching source mobile switching
center 6 to the switching destination mobile switching center
7 1n this 1nstance 1s performed via the additional commu-
nication line 271.

Accordingly, this hand-over can be performed indepen-
dently of an operator to which the switching source mobile
switching center 6 and the switching destination mobile
switching center 7 belong (a communication enterprise
which owns a system which provides mobile communica-
tion services 1s normally called operator).

It 1s to be noted that, since the window of the public
network 1 to the mobile station side in this mstance 1s the
mobile switching center 6 both before and after the hand-
over, the public network 1 and the data base 2 need not be
conscious of the hand-over.

Furthermore, where the additional communication lines
271 and 272 and the mobile switching centers 6 to 8
connected by them are of the ATM type, if the other party
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information of an additional header (101 of FIG. 6) of a
packet to be transmitted to a radio base station to which the
switching source mobile switching center 6 1s connected 1s
changed from the switching source base station 13 to the
switching destination base station 21, then it 1s possible to
set the switching source mobile switching center 6 and the
switching destination mobile switching center 7 so that this
packet may arrive at the switching destination base station
21 via the additional communication line 271 and the
switching destination mobile switching center 7.

It 1s to be noted that, since this similarly applies to the
additional communication line 272, description of it 1s
omitted.

Here, 1f communication between the public network 1 and
the mobile station 18 which has been performed in the
intermediate form 1n which the communication 1s performed
via the switching source mobile switching center 6, addi-
fional communication line 271, switching destination mobile
switching center 7 and switching destination base station 21
1s stopped once and thereafter the communication 1is
resumed, the communication may not return to the mterme-
diate form again, but communication between the mobile
station 18 and the public network 1 may be performed via
the switching destination base station 21 and the switching
destination mobile switching center 7.

Further, 1f the mobile station 18 which has been handed
over from the switching source base station 13 which
belongs to the switching source mobile switching center 6 to
the radio base station 21 which belongs to the mobile
switching center 7 and further handed over to the radio base
station 31 which belongs to the mobile switching center 8 1s
still continuing 1ts communication also after the hand-over,
information from the switching destination base station 31
which 1s communicating with the mobile station 18 at
present 1s sent from the switching destination mobile switch-
ing center 8 to which the switching destination base station
31 belongs to the switching source mobile switching center
6 via the additional communication line 272, mobile switch-
ing center 7 and additional communication line 271 so that
it 1s transmitted from the switching source mobile switching
center 6 to the public network 1.

As described above, according to the present Embodiment
8, there 1s an effect that, since 1t 1s possible to make
occurrence of hand-over independent of a public network by
performing setting of a header which passes through an
additional communication line which directly couples
mobile switching centers to each other and the mobile
switching centers, hand-over between radio base stations
connected to the mobile switching centers which belong to
different operators can be handled similarly to hand-over
between radio base stations which belong to the same
operator.

INDUSTRIAL APPLICABILITY OF THE
INVENTION

As described above, a mobile communication system
according to the present invention 1s elffectively used for
control of hand-over of a mobile station 1n a time slot
sharing and frequency channel sharing mobile communica-
fion system wherein a mobile station and a radio base station
are radio connected by an FDMA/TDD system, a multi-
carrier TDMA system, a CDMA/TDD system, a time
divided CDMA system or the like by a communication
channel modulated by a digital modulation system and
which has TDMA signals and time slot sharing and fre-
quency channel sharing (including a case in which a fre-
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quency 1s not shared) time divided CDMA signals and has
a controlling function of allocating those signals on a time
base and a frequency base, and 1s effectively used for
hand-over control 1n the mobile communication system
wherein a mobile station and a radio base station which have
a high speed data transmission function are radio connected
to each other by a high speed data transmission channel.

What 1s claimed 1s:

1. A mobile communication system of a time-slot sharing
and frequency channel sharing type, comprising;:

a plurality of mobile stations;

a plurality of radio base stations, at least one of said
plurality of radio base stations being radio-connected to
said plurality of mobile stations using a multiple access
system; and

at least one mobile switching center comprising means for
allocating time-division multiplexed signals and code
division multiplexed signals of a time-slot sharing and
frequency sharing type on a time base, and also allo-
cating time-division multiplexed signals and code divi-
sion multiplexed signals of a time-slot sharing type on
a time base and a frequency base,

sald mobile switching center further comprising means
for allocating frame sequence numbers to two down-
link frames respectively transmitted to one of said
mobile stations from two radio base stations adjacent to
cach other and connected to said mobile switching
center, the frame sequence numbering being shared by
the two radio base stations, wherein

saild mobile station comprises means for detecting the

sequence numbers.

2. The mobile communication system according to claim
1, wherein said mobile switching center further comprises
means for using the sequence numbers cyclically such that
the sequence numbers are reset when the sequence numbers
are equal to the number of frames constituting a multiframe
or equal to integral multiples of the number of frames
constituting a multiframe.

3. The mobile communication system according to claim
1, wherein said mobile station, 1n a hand-over transition
from a source base station to a destination base station,
detects, from received signals, a first sequence number
contained 1n a down-link frame from the source base station
and a second sequence number contained 1n a down-link
frame from the destination base station, and compares the
first sequence number with the second sequence number, so
as to generate a repetition code i accordance with a
difference between the first sequence number and the second
sequence number and to transmit the repetition code thus
ogenerated to said mobile switching center via the source
base station.

4. The mobile system according to claim 3, wherein when
a signal transmitted from the destination base station 1s
behind a signal transmitted from the source base station, the
sequence code generated by said mobile station 1s a negative
number and, when the signal transmitted from the destina-
tion base station 1s ahead of the signal transmitted from the
source base station, the repetition code 1s a positive number.

5. The mobile communication system according to claim
1, wherein said mobile station, 1n a hand-over transition
from a source base station to a destination base station,
detects, from received signals, a first sequence number
contained 1n a down-link frame from the source base station
and a second sequence number contained 1n a down-link
frame from the destination base station, and compares the
first sequence number with the second sequence number, so
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as to discard, m the hand-over transition, as many 1tems of
fime-slot 1nformation received from the destination base
station as designated by a repetition code generated 1in
accordance with a difference between the first sequence
number and the second sequence number, the discarding
being performed when 1t 1s determined that a signal trans-
mitted from the destination base station 1s behind a signal
transmitted from the source base station.

6. The mobile communication system according to claim
1, wherein said mobile switching center 1s implemented by
an ATM switch and allocates the sequence numbers by
adding a new header at a head of an ATM packet.

7. The mobile communication system according to claim
6, wherein, when the number of information bits contained
in an ATM system packet transmitted via a public network
1s larger than the number of bits contained 1n a frame of a
radio channel, said mobile switching center divides the ATM
system packet so as to construct frames each containing the
divided information and transmits the constructed frames to
said radio base stations.

8. The mobile communication system according to claim
6, wherein, when the number of bits contained in a frame of
a radio channel 1s larger than the number of information bits
in an ATM system packet transmitted via a public network,
saild mobile switching center transmits the ATM system
packet to said radio base stations without effecting any
division.

9. The mobile communication according to claim 6,
wherein a switch mterface of said radio base station 1s of an
AIM type.

10. The mobile communication system according to claim
1, wherein said mobile station, in a hand-over transition
from a source base station to a destination base station,
detects, from received signals, a first sequence number
contained 1 a down-link frame from the source base station
and a second sequence number contained 1 a down-link
frame from the destination base station, and compares the
first sequence number with the second sequence number, so
as to generate a repetition code 1n accordance with a
difference between the first sequence number and the second
sequence number, and wherein

the destination base station, as a result of hand-over of
said mobile station, stores as many items of time slot
information already transmitted to said mobile station
as are designated by the repetition code, when a signal
transmitted from the destination base station 1s ahead of
a signal transmitted from the source destination base
station, and performs sequential transmission starting at
the stored time-slot information i1tems simultaneously
with the completion of hand-over.

11. The mobile communication system according to claim
10, wherein said mobile switching center receives the rep-
etition code generated by said mobile station via the source
base station, and transmits the repetition code to the desti-
nation base station when it 1s determined that the hand-over
1s to be performed.

12. The mobile communication system according to claim
1, wherein said mobile station further comprises storage
means for storing the time-slot information contained 1n the
down-link frame.

13. The mobile communication system according to claim
1, wherein said radio base station further comprises storage
means for storing the time slot information contained in the
down-link frame.

14. A mobile communication system of a time-slot shar-
ing and frequency channel sharing type, comprising:

a plurality of mobile stations including mobile stations
having high-speed data transmission capability;

a plurality of radio base stations, at least one of said
plurality of radio base stations being radio-connected to
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said plurality of mobile stations, including those of said
plurality of mobile stations having high-speed data
transmission capability, using a multiple access system;
and

at least one mobile switching center comprising means for
allocating time-division multiplexed signals and code
division multiplexed signals of a time-slot sharing and
frequency sharing type on a time base, and also allo-
cating time-division multiplexed signals and code divi-
sion multiplexed signals of a time-slot sharing type on
a time base and a frequency base,

said mobile switching center further comprising means
for allocating sequence numbers to micro-slot informa-
tion 1n high-speed data transmission channels transmit-
ted using two down-link frames respectively transmit-
ted to one of said mobile stations from two radio base
stations adjacent to each other and connected to said
mobile switching center, the micro-slot sequence num-
bering being shared by the two radio base stations,
wherein

saild mobile station comprises means for detecting the

sequence numbers.

15. The mobile communication system according to claim
14, wherein said mobile station, in a hand-over transition
from a source base station to a destination base station,
detects, from received signals, a first sequence number
attached to the micro-slot information 1n the high-speed data
transmission channel transmitted using the down-link frame
from the source base station and a second sequence number
attached to the micro-slot information 1n the high-speed data
transmission channel transmitted using the down-link frame
from the destination base station, and compares the first
sequence number with the second sequence number, so as to
ogenerate a repetition code 1n accordance with a difference
between the first sequence number and the second sequence
number and to transmit the repetition code thus generated to
said mobile switching center via the source base station.

16. The mobile communication system according to claim
14, wherein said mobile station, 1n a hand-over transition
from a source base station to a destination base station,
detects, from received signals, a first sequence number
attached to the micro-slot information 1n the high-speed data
transmission channel transmitted using the down-link frame
from the source base station and a second sequence number
attached to the micro-slot information 1n the high-speed data
transmission channel using the down-link frame from the
destination base station, and compares the first sequence
number with the second sequence number, so as to discard,
in the hand-over transition, as many items of micro-slot-
information received from the destination base station as
designated by a repetition code generated 1in accordance with
a difference between the first sequence number and the
second sequence number, the discarding being performed
when 1t 1s determined that a signal transmitted from the
destination base station i1s behind a signal transmitted from
the source base station.

17. The mobile communication system according to claim
1, wherein said mobile station, in a hand-over transition
from a source base station to a destination base station,
detects, from received signals, a first sequence number
attached to the micro-slot information 1n the high-speed data
transmission channel transmitted using the down-link frame
from the source base station and a second sequence number
attached to the micro-slot information 1n the high-speed data
transmission channel transmitted using the down-link frame
from the destination base station, and compares the first
sequence number with the second sequence number, so as to
generate a repetition code 1n accordance with a difference
between the first sequence number and the second sequence
number, and wherein
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the destination base station, as a result of hand-over of
said mobile station, stores as many items of time slot
information already transmitted to said mobile station
as are designated by the repetition code, when a signal
transmitted from the destination base station 1s ahead of
a signal transmitted from the source destination, and
performs sequential transmission starting at the stored

time-slot information items simultaneously with the
completion of hand-over.

18. The mobile communication system according to claim
17, wherein said mobile switching center receives the rep-
etition code generated by said mobile station via the source
base station, and transmits the repetition code to the desti-
nation base station when it 1s determined that the hand-over
1s to be performed.

19. The mobile communication system according to claim
14, wherein said mobile station comprises storage means for
storing the micro-slot information.

20. The mobile communication system according to claim
14, wherein said radio base station comprises storage means
for storing the micro-slot information.

21. A mobile communication system of a time-slot shar-
ing and frequency channel sharing type, comprising:

a plurality of mobile stations;

a plurality of radio base stations, at least one of said
plurality of radio base stations being radio-connected to
said plurality of mobile stations using a multiple access
system; and

at least one mobile switching center comprising means for
allocating time-division multiplexed signals and code
division multiplexed signals of a time-slot sharing and
frequency sharing type on a time base, and also allo-
cating time-division multiplexed signals and code divi-
sion multiplexed signals of a time-slot sharing type on
a time base and a frequency base,

said at least one radio base station comprising means for
allocating sequence numbers to time-slot information
from one of said plurality of mobile stations when
transmitting the time-slot information received from
said mobile station to said mobile switching center
connected to said radio base station, the sequence
numbering being determined by a multiframe construc-
tion of a radio channel and shared by a radio base
station adjacent to said at least one radio base station,
wherein

said mobile switching center further comprises means for

detecting the sequence numbers.

22. The mobile communication system according to claim
21, wherein said at least one radio base station further
comprises means for using the sequence numbers cyclically
such that the sequence number 1s reset when the sequence
number 15 equal to the number of frames constituting a
multiframe or equal to integral multiples of the number of
frames constituting a multiframe.

23. The mobile communication system according to claim
21, wherein said at least one radio base station allocates the
sequence numbers by adding a new header at a head of an
information packet.

24. The mobile communication system according to claim
21, wherein said mobile switching center checks the
sequence numbers contained 1n the header of the informa-
fion packet carried 1n signals respectively transmitted from
two radio base stations in a hand-over transition, and
sequentially transmits the information packets to a public
network such that the sequence numbers are properly
arranged along a time line.
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25. A mobile communication system of a time-slot shar-
ing and frequency channel sharing type, comprising:

a plurality of mobile stations;

a plurality of radio base stations radio-connected to said
plurality of mobile stations using a multiple access
system; and

a plurality of mobile switching centers each comprising
means for allocating time-division multiplexed signals
and code division multiplexed signals of a time-slot
sharing and frequency sharing type on a time base, and
also allocating time-division multiplexed signals and
code division multiplexed signals of a time-slot sharing
type on a time base and a frequency base, wherein

said plurality of mobile switching centers are connected to
a public-network and also connected to each other via
additional communication circuits without using the

public network.

26. The communication system according to claim 235,
wherein, when a mobile station makes a hand-over transition
to a destination base station connected to a second mobile
switching center different from a first mobile switching
center connected to a source base station, information from
the destination base station communicating with said mobile
station after the hand-over 1s transmitted from the mobile
switching center connected to the destination base station to
the mobile switching center connected to the source base
station via the additional communication circuits so that the
mobile switching center connected to the source base station
transmits the transmitted information to the public network.

27. The mobile communication system according to claim
26, wherein, when the communication subsequent to the
hand-over, 1n which the information from the destination
base station communicating with said mobile station after
the hand-over 1s transmitted to the mobile switching center
connected to the source base station via the additional
circuits so that the mobile switching center connected to the
source base station transmits the transmitted information to
the public network, 1s completed,

said mobile station resumes communication via the public
network such that the information from said mobile
station 1s directly transmitted to the public network via
the destination base station and the mobile switching
center connected to the destination base station.

28. The mobile communication system according to claim
25, wherein said plurality of mobile switching centers con-
nected to each other via the additional communication
circuits belong to different operators.

29. The mobile communication system according to claim
25, wherein said plurality of mobile switching centers con-
nected to each other via the additional communication
circuits are 1mplemented by switches of an ATM type.

30. The mobile communication system according to claim
25, wherein the additional communication circuits connect-
ing said plurality of mobile switching centers to each other
are of an ATM type.

31. The mobile communication system according to claim
25, wherein, when said mobile station maintains communi-
cation after having made a transition between said two of
said plurality of base stations respectively belonging to said
plurality of mobile switching centers, the information from
the destination base station communicating with said mobile
station 1s transmitted to the public network, via the mobile
switching center connected to the destination base station,
the plurality of communication circuits and the mobile
switching center connected to the source base station.
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